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ABSTRACT
High rates of habitat alteration increase the effects of fragmentation and creation of
pasture. Degraded habitat can negatively affect predator abundance and hence predation.
In this study, variation in predation rates between closed forest, open forest, and pasture
were assessed for a matrix of degraded tropical premontane moist forest in Costa Rica.
In order to compare predation rates in the different habitat types, non-toxic clay
caterpillars were made, placed on understory leaves, and then rates of predation in each
habitat type were determined. This study focused on three types of predators, insects,
birds, and rodents, with insects as the most predominant predators. Overall percentages
of predation were 15.6% ± 9.7 in closed forest, 19.1% ± 11.0 in open forest, and 19.0%
± 8.5% in pasture. No significant difference was found in the predation rates between the
habitat types (F = 0.255, P = 0.7781). These results, are contrary to other research
indicating that fragments and agricultural lands experience higher predation than
continuous forest, and may have been caused by effects of the dry season on insect
abundance.

RESUMEN
Índices altos de alteración de hábitat suben los consecuencias de fragmentación y
apacentaración que afectan negativamente la abundancia de los depredores. Porque la
abundancia de los depredores influencian los índices de depredación, estes índices son
expectados a bajarse con grados aumentados de heterogeneidad de hábitat. En este
investigación, evalué las diferencias entre índices de depredación en bosque cerrado,
bosque abierto, y pastizal. Para comparar índices de depredación, hice orugas de
plasticina sin tóxico, las puse sobre las hojas, y determiné los índices de depredación de
cada tipo de hábitat. Los depredores fueron insectos, aves, y roedores. Insectos fueron el
más común. Los índices de depredación fueron 15.6% ± 9.7 en bosque cerrado, 19.1% ±
11.0 en bosque abierto, y 19.0% ± 8.5% en pastizal. No hubo diferencias significativas
entre los habitates (F = 0.255, P = 0.7781). Estos resultados son en contra de otros
investigaciones que indican que hay más depredación en fragmentos y pastizales que los
bosques grandes. Es posible que estas diferencias sean causado por la estación seca.

INTRODUCTION
Habitat alterations, over-harvesting, pollution, climate change, introduced species and
population increase are major threats to biodiversity. Of these, habitat alterations,
especially tropical deforestation and consequent habitat loss, fragmentation, and
degradation are the primary factors (Roy and Raven 1994). Cultivated lands now
comprise an area the size of South America, and rangelands occupy about a fifth of the
world’s land surface (Raven 2002). Approximately 39-50% of the earth’s land surface
has been transformed or degraded by humans (Vitousek et al. 1997). Most of this land is
transformed for agriculture and turned into forest fragments, and edge habitats. Overall,
land transformation is the main driver of biodiversity loss worldwide (Roy and Raven
1994). Understanding the diversity, structure, and function of these altered habitats is a
major challenge for conservation biologists (Wilson 2000).
Due to concern about the impacts of tropical forest disturbance and clearing on
biodiversity and community dynamics, changes in biodiversity for major groups are
reviewed by Lawton et al. (1998). They find that bird, butterfly, and beetle species
richness all declined along a disturbance gradient for tropical areas. Pastures often only
contain a small fraction, less than 10%, of the diversity of nearby primary forest. Other
studies of edge and the effects of fragmentation give similar results of diminished
diversity of most taxa (Laurance and Bierregaard, Jr. 1997).
Studies show that not only richness, but abundance, changes with habitat types
resulting from degradation (Lugo 1988). Often, widely distributed generalist, or
“weedy” species become extremely abundant in disturbed habitats. This has been
observed for insects along a disturbance gradient (Alan Masters pers. comm.).
The way in which changes in richness and relative abundance of species alter
species interactions is particularly important. For example, loss of pollinators may lead
to further species loss and loss of productivity. This is exemplified by the fig and its
reliance on a specific wasp pollinator. Without the wasp, the fig would no longer
produce, and since figs are keystone resources, a large part of the ecosystem would be
affected (Buchmann and Nabhan 1996). Additionally, loss of dispersers may lead to
extinction or greatly altered plant ecology. For instance, some plants that once depended
on the now extinct gomphotheres as dispersal agents have also gone extinct; while others
now rely on alternative dispersers such as the agouti or tapir or are poorly dispersed
(Janzen and Martin 1981). Loss of top predators causes increased populations of
mesopredators that lower plant diversity through seed predation (Terborgh 1992). Avian
nest predation also increases along edges of forest patches and fragmented agricultural
landscapes (Gates and Gysel 1978; Wilcove 1985).
Changes in predator-prey dynamics for insects, the most diverse and abundant
taxon in terrestrial ecosystems, is more difficult to assess and yet has potentially farreaching consequences. Insect herbivores consume more than 11% of production
annually (Coley and Barone 1996). Further, most insect herbivores are controlled by
their predators and parasites (Janzen 1983). How the predators of herbivores respond to
habitat change will not only decide the fate of herbivores, but also plants, detritivores,
and other members of the food web relying on them.

The purpose of this study was to determine variation in the rates of predation
between the understory of open forest, closed/forest, and pasture. Using model
herbivores as indicators of relative predation rates. Predation rates were expected to be
highest in the pasture due to the increase in weedy species, followed by the open forest,
with closed forest caterpillars receiving the least predation.

MATERIALS AND METHODS
STUDY SITE – The study was conducted from April 24 to May 2003 during the
transition between the dry season and the rainy season. The study site was in premontane
moist forest at 1300 to 1350 m in the Bajo del Tigre conservation area and surrounding
properties in Monteverde, Costa Rica (Nadkarni and Wheelwright, 2000).
DATA COLLECTION – To measure variation in predation pressures on larval
herbivores between open forest, closed forest, and pasture habitats, caterpillars were
simulated with modeling clay. This technique is borrowed from Loiselle and FarjiBrener (2002). It does not, however, measure absolute rates of predation but rather can
be used as a method of comparison between sites. Clay caterpillars were constructed
with green bodies and yellow heads. Each was about 20 x 4 mm. Caterpillars resembled
Sphingidae (hornworms) and Brassolinae (owl butterflies) (Loiselle and Farji-Brener
2002). Ten 15 square-meter sites were randomly chosen for each habitat type and within
each site ten caterpillars were placed on a variety of leaves, about one meter apart. Due
to lack of suitable substrates in the pasture, caterpillars were placed along a simple
transect rather than ten discrete sites. Predation rates were noted 24 hours later on six of
the days and after 48 hours on three of the days. Caterpillars were also shifted
throughout the sites approximately every 48 hours to prevent predators from learning
that the caterpillars were models and altering the results. Predator type, such as insect,
bird, or rodent, was identified by examining characteristics of the marks left on the
caterpillars (Loiselle and Farji-Brener 2002). For instance, insects left small, thin slits in
the caterpillars while birds left a larger, wider beak-like mark (Fig. 1). Rodents produced
a flat bite similar to that of humans.
DATA ANALYSIS – Numbers of caterpillars damaged by each type of predator were
calculated for each habitat type. Data from six 24-hour periods were analyzed using a
one-way analysis of variance (ANOVA) to compare predation rates in the different sites.
Data for the three 48 hour data periods were arranged into a 4 x 3 contingency table and
compared using a Chi-squared test.
RESULTS
No significant difference in predation rates between habitat types was found (F = 0.255,
P = 0.7781) for caterpillars preyed upon after a 24-hour period. Overall predation rates
were 15.6% ± 9.7 in closed forest, 19.1% ± 11.0 in open forest, and 19.0% ± 8.5 in
pasture (Fig. 2). A Chi-squared test was also performed and again no significant

difference was found between the treatments (x2 = 7.01, critical value = 12.6). The
percentage of caterpillars damaged by birds was also compared between habitat types.
These rates were 0.9% ± 1.4 in closed forest, 1.3 % ± 2.3 in open forest, and 1.0% ± 1.2
in pasture (Fig. 3). Again no significant difference was found in rates of predation (F =
0.106, P = 0.8999).
A Chi-squared test showed that the variation in predation rates between the
habitat types for the 48-hour data was not significant (x2 = 6.6, critical value = 12.6).
Total percentages of predation for closed forest, open forest, and pasture were 26.8 % ±
40.1, 31.8% ± 44.5, and 31.6 % ± 43.1, respectively (Fig. 4).

DISCUSSION
Loiselle and Farji-Brener (2002) found clear patterns of relative predation of similar
caterpillar models in Peruvian lowland Amazonian rainforest. There was no correlation
between leaf damage and predation, indicating that predators did not use leaf damage as a
cue of herbivores. Canopy did however, have higher rates of simulated predation than
forest understory. Canopy is a more productive habitat than the understory because it is not
light-limited. Therefore, the authors suggest that herbivores and their predators are more
abundant in the canopy. Higher rates of predation in canopy suggest a more "top down"
control of herbivores by their predators. Most of their predation (90% of locations) was by
insects, with few avian or rodent occurrences.
This study, however, showed no clear trends of simulated predation with respect to
habitat type. All three habitat types showed similar low rates of predation (15-20%).
Further, as reported from other local studies, the majority of damage was from insects,
probably ants, orthopterans, and wasps (Olson (b) 1994). The caterpillars were modeled to
resemble lepidopteron larvae, which are most often eaten by these groups (Janzen 1983).
Though insectivorous birds were abundant in the area, (Fogden 1993) few caterpillars were
preyed upon by them. Additionally, though rodents were common and caterpillars were no
more than a meter from the ground, rodent predation only occurred on three model
caterpillars.
The results from this study are very different from those of a similar study in a
tropical lowland wet forest in the Peruvian Amazon. Their predation rates were much
higher both for understory and canopy: with 77.3% ± 6.7 in the canopy and 51.3% ± 7.3 in
the understory compared to 15.6% ± 9.7 in closed forest, 19.1% ± 11.0 in open forest, and
19.0% ± 8.5 in pasture (Loiselle and Farji-Brener 2002). Avian and rodent predation rates
were higher as well. Differences in rates of predation may result from altitudinal and
seasonal differences, both causing a decline in insects. Olson found a marked decline in
species richness for most taxa of leaf litter invertebrates with increasing elevation ((b)
1994). Furthermore, population sizes of insects fluctuate considerably based on seasonality,
often in correlation with leaf flush (Stork 1988). Elevation decreases species richness,
which could alter rates of predation. Species richness data of butterflies collected from 105100 m vertical elevational bands found elevation and species richness to be significantly
negatively correlated (Fleishman et al. 1998). Terborgh (1977) found that the number of
insectivorous birds decreased 5.2-fold from the bottom (at 500 m) to the top (>3,500 m) of

an elevational gradient.
Another potential explanation for the reduction of insectivorous birds at higher
elevations could be lower abundance of insects at higher elevations than at lower
elevations. Rodent diversity also decreases at higher elevations (Me Pherson 1985). Lower
abundances of insect predators could explain the differences between lowland and
premontane predation rates. These trends indicate there are more species of insects,
insectivorous birds, and rodents (the three main caterpillar predators) in lowland forests due
to warmer and wetter conditions, resulting in higher predation rates (Fleishman et al. 1998).
Studies at a variety of elevations could clarify differences in predation rates resulting from
altitude.
The lack of differences in predation rates suggests that predation pressure for
herbivores remains constant despite changes in abiotic features such as percent cover, sun,
wind, and humidity. This is contrary to what other studies have found (Gates and Gysel
1978; Wilcove 1985. Perhaps trends would be apparent at wetter times of the year when
herbivores and their insect predators are more abundant. The study area is seasonal and the
study occurred at the end of a four-month dry season. However, it might be expected that
avian predation would be highest at this time, since alternate prey are lacking.
This study shows that predation on larval herbivores is moderate for the matrix of
disturbance studied compared to intact lowland forest. Disturbance levels were not a factor
in predation pressure, which opposes avian nest predation studies showing a clear effect of
edge and fragment size (Gates and Gysel 1978; Wilcove 1985). Instead, predation on larval
herbivores was uniform across a disturbance gradient. This could be a seasonal effect of
dryness resulting in low insect abundance, but could also indicate a less top-down control of
herbivores, possibly due to low insect abundance. Lack of avian predation is unexpected.
Few insectivorous birds tried models despite their presence. Perhaps birds were not
deceived by the models as they were in the study in Peru (Loiselle and Farji-Brener 2002).
Results suggest that habitat alteration is unlikely to affect predator-prey interactions of larval
herbivores. Parasites may be of greater importance at this elevation (1300-1350), since
caterpillars of lepidopteran herbivores are parasitized to a much greater extent at higher
elevations, where ants are not as abundant, than at lower elevations (Koptur 2000).
Repeating this study in the wet season will offer a more complete view of predation
rates. This will serve as a comparison to data from the dry season and can be used to
account for effects of seasonality. It is likely that rates of predation will be higher in the wet
season due to increased insect populations.
Trends of predation with respect to habitat type may be increasingly significant as
rates of land transformation increase. Thus it is important to understand the effects of
fragmentation and habitat disturbance on species richness and species survival. Although
this study did not find significant differences in predation rates between the habitat types,
further research should be conducted to determine the effects of habitat alteration on
predator-prey interactions.

ACKNOWLEDGEMENTS
I would like to thank Alan Masters for sharing his advise and expertise. Thanks also to Mauricio García and
Karen Masters for their guidance and support. Thank you to Rick F.X. Smith V for general computer support,
proofreading, enthusiasm and encouragement and to Robert Andrew Rodstrom for fun times caterpillar
rolling, transect finding, and general assistance. Thank you to Bajo del Tigre, the Monteverde Conservation
League, Frank Joyce and Katy Van Dusen, Bob Carlson, and the Estación Biológica for allowing me to use
their property. I also greatly appreciate the commiseration and support of my fellow cattle and for making the
experience what is was, and the love and support of my family and friends.

__________________________________________________________________________________________________

LITERATURE CITED
Buchmann, S.L. and G.P. Nabhan. 1996. The forgotten pollinators. Island Press.
Washington, D.C.
Estrada, A., A. Rivera, and R. Coaetes-Estrada. 2002. Predation of artificial nests in
fragmented landscape. Biological Conservation. 106(2): 199-209.
Fleishman, E., G.T. Austin, and A.D. Wiess. 1998. An empirical test of Rapoport’s rule:
Elevational gradients in montane butterfly communities. Ecology. 79(7): 24822493.
Floren, A., A. Biun, and K.E. Linsenmair. 2002. Arboreal ants as key predators in
tropical lowland rainforest trees. Community Ecology.
Fogden, M. 1993. An annotated checklist of the birds of Monteverde and Peñas Blancas.
Published by Michael Fogden. Monteverde, Costa Rica.
Gates, J.E. and L.W. Gysel. 1978. Avian nest dispersion and fledgling success in fieldforest ecotones. Ecology. 59: 871-883.
Guindon, C.F. 1997. The Importance of Forest Fragments to the Maintenance of
Regional Biodiversity Surrounding a Tropical Montane Reserve, Costa Rica.
Janzen, D.H. 1983. Chapter 11 pp. 163-182. Food webs: Who eats what, why, how and
with what effects in a tropical forest? In: D.J. Futuyuma and M. Slatkin (Eds),
Coevolution. Sinauer Associates. Sunderland, MA.
Janzen, D.H. and P.S. Martin. 1981. Neotropical anachronisms: The fruits the
Gomphotheres ate. Science. 215: 19-27.

Laurance, W.F. and R.O. Bierregaard, Jr. 1997. Tropical forest remnants: Ecology,
management and conservation of fragmented communities. The University of
Chicago Press. Chicago, Illinois.
Lawton, J.H., D.E. Bignell, B. Bolton, G.F. Bloemers, P. Eggleton, P.M. Hammond, M.
Hodda, R.D. Holts, D.S. Srivastava, and A.D. Watt. 1998. Biodiversity
inventories, indicator taxa and effects of habitat modification in tropical forest.
Nature. 391: 72-76.
Lovejoy, T.E., R.O. Bierregaard, Jr., A.B. Reynolds, J.R. Malcolm, C.E. Quintela, L.H.
Harper, K.S. Brown, Jr., A.H. Powell, B. V. N. Powell, H.O.R. Schubert, and
M.B. Hays. 1986. Edge and Other effects of Isolation in Amazon Forest
Fragments. In: Conservation Biology: The Science of Scarcity and Diversity.
M.E. Soule, ed. Sinauer Associates, Inc. pp. 257-285.
Lugo, A.E. 1988. Estimating reductions in diversity of tropical forest species.
Biodiversity.
Mc Pherson, A.B. 1985. A biogeographical analysis of factors influencing the
distribution of Costa Rica rodents. Brenesia. 23: 97-273.
Meffe, G. and C. Carroll. 1997. Principles of Conservation Biology. Sinauer Associates,
Massachusettes. Pp. 213-223.
Nadkarni, N.M and Wheelwright N.T. (Ed.) 2000. Monteverde: Ecology and
Conservation of a Tropical Cloud Forest. Oxford University Press, New York,
New York. pp. 9.
Olson, D.M. (a) 1994. The distribution of leaf litter invertebrates along a Neotropical
altitudinal gradient. Journal of Tropical Ecology. 10: 129-150.
Olson, L.M. (b) 1994. Virgin versus disturbed: Which forest allows for greater arthropod
biodiversity? CIEE Papers.
Perkins, B. 2001. Diversity and population dynamics of frugivorous butterflies in
fragmented landscapes. CIEE Papers.
Raven, P.H. 2002. Science, sustainability, and the human prospect. Science. 297: 954958.
Roy, P.S. and S.A. Raven. 1994. Habitat Management for biodiversity maintenance
using aerospace remote sensing. In: Tropical ecosystems, a synthesis of tropical
ecology and conservation. Balakrishnan, M., R. Borgstrom, and S. W. Bie, eds.
International Science, Lebanon New Hampshire. Pp. 309-345.

Schelhas, J. and R. Greenberg. 1996. Forest patterns in tropical landscapes. Island Press,
Washington, D.C. pp. V – XV.
Stork, N.E. 1988. Insect diversity: facts, fiction and speculation. Biological Journal of
the Linnean Society. 35: 321-337.
Terborgh, J. 1992. Maintenance of diversity in tropical forests. Biotropica. 24: 283-292.
Terborgh, J. 1997. Bird species diversity on an Andean elevational gradient. Ecology.
58: 1007-1019. In: Foundations of Tropical Forest Biology: Classic Papers with
Commentary. R.L. Chazdon and T.C. Whitmore, eds. The University of Chicago
Press, Chicago, IL, pp. 486-498.
Vitousek, P.M., H.A. Mooney, J.Lubchenco, J.M. Melillo. 1997. Human domination of
Earth’s ecosystems. Science. 22: 494-499.
Wilcove, D.S. 1985. Nest predation in forest tracts and the decline of migratory
songbirds. Ecology. 66: 1211-1214.
Wilson, E.O. 2000. On the future of conservation biology. Conservation Biology. 14: 13.

_____________________________________________________________________________
Figure 1. Examples of indications of predation on clay caterpillars. The bite marks were used to
determine type of predator. The caterpillar on the left was preyed upon by a bird and the other
two were preyed upon by insects. No examples of rodent predation were obtained due to lack of
sample size.
_____________________________________________________________________________
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Figure 2. Percent of overall predation upon clay caterpillars by habitat type. No significant
difference in rates of predation was found between the different habitats (F= 0.255, P = 0.7781;
Closed forest N= 573, Open forest N= 524, Pasture N = 502).
_____________________________________________________________________________
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Figure 3. Percent of avian predation upon clay caterpillars by habitat type. No significant
difference was found in predation rates between the different habitat types (F = 0.106, P =
0.8999; Closed forest N = 573, Open forest N = 524, Pasture N = 502).
_____________________________________________________________________________

_____________________________________________________________________________
_
Figure 4. 48-Hour Data portraying frequency of predation by habitat type, indicating source of
predation of clay caterpillars. There were only two occurrences of rodent predation, one in open
forest and the other in pasture. There was no significant difference between treatments (x² = 6.6,
cv = 12.6; Pasture N = 269, Open forest N = 252, Closed forest N = 291).
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